Helicobacter pylori (H. pylori) are a major cause of chronic gastritis and peptic ulcer. This organism plays a role in gastric carcinoma and B-cell lymphoma. However, the exact pathogenesis of gastric inflammation is still unclear. Mast cells, the important inflammatory cells for allergic process, may participate in the pathogenesis of gastritis related to H. pylori infection. Objective: Analyze the relationship between mast cell density, H. pylori intensity, histological alterations, and their severity of biopsy proven gastritis. Methods: One hundred eleven biopsied specimens were collected from Thai patients who were diagnosed H. pylori-associated gastritis of the antrum at King Chulalongkorn Memorial Hospital between 2002 and 2005. All biopsied specimens were examined according to the Updated Sydney System. Mast cell density was evaluated by 0.1% toluidine-stained sections. Results: The higher mast cell density was correlated with increased neutrophilic infiltration (r = 0.220, p = 0.020), chronic inflammatory cell infiltration (r = 0.381, p <0.001), and lymphoid aggregation (r = 0.271, p = 0.004). No relationship was found between mast cell density and intensity of H. pylori, glandular atrophy, or intestinal metaplasia. Conclusion: Mast cells might take part in the pathogenesis of H. pylori gastritis.
Helicobacter pylori (H. pylori) organisms are spiral-shaped gram-negative microaerophilic bacteria and potent producers of the enzyme urease. They are highly motile because of multiple unipolar flagella, inhabiting various areas of the stomach and duodenum. These bacteria are prevalent in more than half of the world's population and accepted to be the significant cause of chronic infection of the human stomach. In general, the prevalence of H. pylori infection is increasing with age and higher in developing countries including Thailand [1, 2] .
The normal gastric mucosa contains very few white blood cells in the lamina propria [3] . In chronic active H. pylori gastritis, the bacteria enhance gastric mucosal infiltration with neutrophils, eosinophils, lymphocytes, plasma cells, and macrophages leading to tissue damage from reactive oxygen species [4] . Without any treatment, glandular cell loss and intestinal metaplasia occur [3] . According to patient approach, the disease may remain clinically silent or progress to peptic ulcer, and carries an increased risk of gastric adenocarcinoma and primary gastric B-cell lymphoma [4] . Although many diseases have been associated with H. pylori, the mechanism of chronic active inflammation of the gastric mucosa has not been completely explained.
Mast cells are tissue-dwelling inflammatory cells found principally near blood vessels and along mucosa including gastrointestinal tract [5] . They are possibly one of the first inflammatory cells to make contact with organisms and produce pro-inflammatory cytokines, protease enzymes and inflammatory mediators after activation [6] . In H. pylori gastritis, mast cell density increases markedly in the affected gastric mucosa compared with that in H. pylori-negative gastritis, either corpus or antrum. In addition, the amount of mast cells reduces significantly after bacterial eradication [7, 8] . These indicate a possible role of mast cells in maintenance gastritis and reparation of damaging gastric mucosal tissue. Nalajima et al. [9] reported a significant relationship between mast cell density and H. pylori intensity. However, their data were not enough to obtain the definite conclusion whether direct H. pylori effect or the inflammation secondary to H. pylori affecting density of mast cells.
In this study, we investigated the relationship between mast cell density, histopathological scores of gastritis, and presence of H. pylori in the antral mucosa. This may provide a clue to establish a new concept of the role of mast cells in the pathogenesis of H. pyloriassociated gastritis.
Materials and methods
This study was approved by the Ethics Committee of Faculty of Medicine, Chulalongkorn University. Gastric antral biopsies from 111 H. pyloriassociated gastritis in Thai patient were retrieved from the surgical pathology file at King Chulalongkorn Memorial Hospital between 2002 and 2005. The tissue sections were reviewed on the hematoxyline and eosin and giemsa-stained tissue sections. The H. pylori density, severity and activity of gastritis, glandular atrophy and intestinal metaplasia were investigated using a visual analog scale according to the Updated Sydney System [3] . The intensity of H. pylori, infiltration of gastric mucosa by polymorphonuclear leukocytes and mononuclear cells, gland atrophy and intestinal metaplasia were divided into none or mild, moderate, and marked level. In addition, the gastric mucosal lymphoid aggregates were identified and scored, and defined by accumulations of lymphocytes and plasma cells with or without germinal centers as previously described by Chen et al. [10] . All gastric antral specimens were evaluated and scored independently by two pathologists. Disagreements were resolved by consensus.
For mast cell density determination, the epithelial and submucosal mast cells were stained with 0.1% toluidine blue. The slides were scanned to identify the cells with intracytoplasmic metachromatic granules and counted. For each case, the four areas of highest mast cell density were selected by microscopic examination of the slides, and photographed under a Nikon Microscope Eclipse E600W microscope equipped with Nikon Digital Camera and DXM1200F software (Nikon, Tokyo, Japan). Mast cells along gastric mucosa were counted manually in each of the four fields. The results were combined to arrive at a count for mast cells/mm 2 .
Statistical analysis
The data were analyzed in terms of the Spearman's rank correlation coefficient, using SPSS for Windows, Version 11.5. Confidence intervals were 95%. A p-value of <0.05 was considered statistically significant.
Results
The 111 cases consisted of 59 males (53%) and 52 females (47%) with a mean age of 43 years. The relationships between mast cell density and histological parameters of the gastric antrum were shown in Table 1 . Figure 1 shows images demonstrating mast cells in gastric mucosa with mild gastritis and severe gastritis. The mast cell density in both A and B was significantly correlated with gastric mucosal inflammatory response where the higher quantity of mast cells, the higher score of neutrophils (r = 0.220, p = 0.020), chronic inflammatory cell infiltrations (r = 0.381, p < 0.001), and mucosal lymphoid aggregations (r = 0.271, p = 0.004). Although the mast cell density tended to increase in association with increasing score of intestinal metaplasia, but no relationship was found (r = 0.167, p = 0.080). For intensity of H. pylori and glandular atrophy, no significant correlation were observed with mast cell density (r = 0.030, p = 0.751 and r = 0.032, p = 0.735, respectively).
Discussion
H. pylori organisms are the major causative bacteria leading to chronic infection of the stomach. The prevalence is associated with socio-economic status and patients' age rather than race [2] . In Thailand, the prevalence of H. pylori is as high as 74% [11] . The initial pathogenesis of H. pylori gastritis is enhancement of both cellular and humoral immune systems via the antigenic stimulus of mucosal monocytes and T-lymphocytes after epithelial attachment by organisms. Various sorts of inflammatory cells are recruited. Subsequently release cytokines, proteases, prostaglandins, and reactive oxygen metabolites are released resulting in gastric mucosal destruction followed with glandular atrophy and intestinal metaplastic change [12, 13] .
Besides allergic stimuli, mast cells are the major type of leukocytes, involving in both acute and late phase responses to eradicate most organisms [6, 14] . According to Nakajima et al. [8] , mast cells cooperate in the process of gastritis, associated with the development of peptic ulcers [8] . Their finding provides interesting information on how mast cells modulate gastritis. In this study, the density of mast cells in H. pylori gastritis was observed to increase significantly in patients with higher degree of neutrophilic infiltration. Previous reports [5, 15] revealed that during initial gastric infection with H. pylori, mast cells degranulate several necessary cytokines for inflammatory cell accumulation. In supernatants cultured from H. pyloripositive subjects, the amount of tumor necrotic factor (TNF)-α, interleukin (IL)-6, and IL-8 increased markedly, all of those are certainly secreted by mast cells [16] [17] [18] . Both TNF-α and IL-6 are related to the degree of severity and activity of gastric inflammation [16] . It is notable that mast cells are the major effecter cells that release TNF-α via both de novo synthesis and storage in their granules before activation [6] . Mast cells also secrete tryptase, chymase, and platelet-activating factor that play a crucial role in chemotactic activity for neutrophils [5, 9, 14] . In addition, the preformed mast cell tryptase can activate IL-6 and IL-8 production and release in human eosinophils. The leukocytes frequently infiltrate gastric mucosa, which is infected with H. pylori [3, 19] .
Mast cell density was associated with mononuclear cell infiltration and lymphoid aggregation in our study. In fact, lymphocytes and macrophages themselves can produce chemotactic factors for mast cells in human [8] . On the other hand, mast cells also secrete chymase enzyme for accumulation of macrophages and T lymphocytes [14] . The presence of lymphoid aggregates with or without follicles in gastric mucosa is a conspicuous pathological feature of H. pylori-associated chronic gastritis [3] . To create this mucosal response, the organisms activate specific immunological reaction by themselves and cytotoxin via certain cytokines including IL-2 and IL-6, allowing proliferation of B and T lymphocytes and macrophages together with development of lymphoid follicle formation [19] . In animal model, mucosal intestinal mast cells number is obviously increased in the number after IL-2 induction [20] .
Our study showed no significant correlation between the density of mast cells and intensity of H. pylori. This result was discordant with the prior study from Turkish population [9] . For this reason, increase in mast cell density could not be explained from direct effect of H. pylori intensity alone, but increasing mast cells may be a secondary change due to inflammatory response. The other possibility is geographical differences between molecular epidemiology and clinical manifestation of H. pylori infections [21] [22] [23] . Thailand is the area of outstanding H. pylori genotypic change [1] .
In conclusion, mast cell density was high in H. pylori gastritis with greater neutrophilic and mononuclear cell infiltration, and lymphoid aggregation. No significant correlation was found between mast cell density and intensity of H. pylori, and degree of glandular atrophy and intestinal metaplasia. This current observation done in Thai population was consistent with previous studies, indicating that mast cells may be necessary in pathogenesis of gastritis caused by H. pylori infection.
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